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Abstract 

The objective of the present study was to develop a multiplex polymerase chain reaction (PCR) method for differential detection of turkey 
coronavirus (TCoV), infectious bronchitis coronavirus (IBV), and bovine coronavirus (BCoV). Primers were designed from conserved or 
variable regions of nucleocapsid (N) or spike (S) protein gene among TCoV, IBV, and BCoV and used in the same PCR reaction. Reverse 
transcription followed by the PCR reaction was used to amplify a portion of N or S gene of the corresponding coronaviruses. The PCR products 
were detected on agarose gel stained with ethidium bromide. Two PCR products, a 356-bp band corresponding to N gene and a 727-bp band 
corresponding to S gene, were obtained for TCoV isolates. In contrast, one PCR product of 356 bp corresponding to a fragment of N gene was 
obtained for IBV strains and one PCR product of 568 bp corresponding to a fragment of S gene was obtained for BCoV. There were no PCR 
products with the same primers for Newcastle disease virus, Marek’s disease virus, turkey pox virus, pigeon pox virus, fowl pox virus, reovirus, 
infectious bursal disease virus, enterovirus, astrovirus, Salmonella enterica, Escherichia coli, and Mycoplasma gallisepticum. Performance 
of the assay with serially diluted RNA demonstrated that the multiplex PCR could detect 4.8 x 10 -3 p,g of TCoV RNA, 4.6 x 10~ 4 p,g of 
IBV RNA, and 8.0 x 10~~ p,g of BCoV RNA. These results indicated that the multiplex PCR as established in the present study is a rapid, 
sensitive, and specific method for differential detection of TCoV, IBV, and BCoV in a single PCR reaction. 

© 2005 Elsevier B.V. All rights reserved. 

Keywords: Multiplex; Polymerase chain reaction; Turkey; Bovine; Coronavirus; Infectious bronchitis viius 


1. Introduction 

Turkey coronavirus (TCoV) is one of the major causative 
agents of infectious diarrhea in turkey poults (Dea and 
Tijssen, 1988). Turkey coronaviral enteritis is characterized 
by anorexia, watery droppings, marked dehydration, and 
decreased body weight gain (Gonder et al., 1976). Repeated 
outbreaks of TCoV-associated acute enteritis in young turkey 
poults occurred in Indiana, North Carolina, and other states 
for the last decade. This disease contributed to significant 
economic losses and remains as a serious threat to the turkey 
producers. The coronaviral enteritis in areas with high con¬ 
centrations of turkeys on a year-round basis is not easily 
eliminated and is encountered frequently in turkey poults 
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(Nagaraja and Pomeroy, 1997). Treatments of the disease 
are often not successful and there are currently no effective 
vaccine or medication to prevent viral infection. Correct and 
easy method for diagnosis of TCoV would pave a way for 
more effective control of this disease. 

Turkey coronavirus belongs to the family Coronaviri- 
dae, which is a group of enveloped, positive-stranded RNA 
viruses that infect a wide range of mammalian and avian 
species. The major structural proteins of coronavirus include 
phosphorylated nucleocapsid (N) protein, peplomeric glyco¬ 
protein (spike protein, S), and transmembrane glycoprotein 
(membrane protein, M). The spike protein contributes to the 
distinctive peplomers on the viral surface and contains neu¬ 
tralizing and group-specific epitopes. The spike protein is 
highly variable among different coronaviruses while M and 
N proteins are more conserved among coronavimses between 
different antigenic groups (Saif, 1993). 
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There is close antigenic and genomic relationship between 
TCoV and infectious bronchitic vims (IBV) according to 
studies of immunofluorescent antibody assay (IFA), enzyme- 
linked immunosorbent assay (ELISA), and sequence analysis 
in our and other laboratories (Guy et al., 1997; Stephensen 
et al., 1999; Breslin et al., 1999a,b; Loa et al., 2000; Akin 
et al., 2001). In contrast, it was demonstrated that bovine 
coronavirus (BCoV) caused experimental enteric infection in 
turkey (Ismail et al., 2001). Along with this result, close rela¬ 
tionship between TCoV and BCoV were previously reported 
and TCoV was placed in antigenic group II as BCoV (Dea 
et al., 1990; Verbeek and Tijssen, 1991). These cumulative 
results incur a postulated complicate nature of causative fac¬ 
tors of turkey coronaviral enteritis. Further investigations 
of interactions among TCoV, IBV, and BCoV in the turkey 
flocks and in the field is crucial for developments of effective 
strategies to prevent and control this disease. Development 
of easy and simple diagnostic methods for detection and dif¬ 
ferentiation of TCoV, IBV, and BCoV in turkey intestines is 
necessary for studies on the contributions of theses different 
agents to the disease. 

Current methods for diagnosis of TCoV by conventional 
virus isolation (VI) and serological tests, such as IFA and 
immunoperoxidase procedures (IP) are expensive, time con¬ 
suming, labor intensive, or lacking the required sensitivity. 
These methods need multiple steps to differentiate TCoV, 
IBV, and BCoV. Detection of TCoV infection by antibody- 
capture ELISA was demonstrated using IBV as coating anti¬ 
gen (Loa et al., 2000). This method cannot differentiate TCoV 
from IBV due to the cross reactivity of antibodies. Poly¬ 
merase chain reaction (PCR) assay is a new approach for 
detecting many veterinary important microorganisms with 
the distinct advantages of high sensitivity and specificity. 
Multiplex PCR assay for simultaneous detection and differ¬ 
entiation of bacterial and viral pathogens has been described. 
For example, IBV strains Mass and Ark could be differen¬ 
tially identified in a multiplex PCR assay (Wang and Khan, 
1999). 

The objective of the present study was to develop a mul¬ 
tiplex PCR assay to detect and differentiate TCoV, IBV, and 
BCoV. 


2. Materials and methods 

2.1. Viruses 

The TCoV isolates used in the present study were recov¬ 
ered from fecal contents and intestines of turkey poults with 
acute coronaviral enteritis in Indiana (540), North Carolina 
(1020, 1440), South Carolina (284), Minnesota (310), Mis¬ 
souri (168, 2216, 2580), and Texas (1038). The prototype 
isolate of TCoV was obtained from the American Type 
Culture Collection (ATCC, Rockville, MD). The viruses 
were propagated in 22-day-old embryonated turkey eggs 
as previously described (Loa et al., 2001). The presence 


of TCoV in the intestines of embryos was confirmed by 
TCoV-specific IFA and electron microscopy at the Indi¬ 
ana State Animal Disease Diagnostic Laboratory in West 
Lafayette, Indiana. Intestines of turkey embryos infected 
with TCoV were cut into pieces and homogenized with 
five-fold volume of phosphate buffered saline (PBS) solu¬ 
tion. These homogenates were clarified by centrifugation at 
1500 x g for 10 min. The supernatants containing TCoV were 
used as virus source for preparation of RNA templates for 
reverse transcription (RT)-PCR reaction. For examination of 
sensitivity of RT-PCR reaction for TCoV RNA, the super¬ 
natants from centrifugation of the intestinal homogenate at 
1500 x g was ultracentrifuged at 100,000 x g for 3h with 
a 2 ml cushion of 60% (w/v) sucrose solution. The opales¬ 
cent band on top of the 60% sucrose solution was col¬ 
lected and layered onto a 40-60% sucrose gradient and 
ultracentrifuged at 100,000 x g for 20 h. Fractions were col¬ 
lected from the bottom of the tubes. The virus purified 
by sucrose gradient was used as source for preparation 
of RNA templates to determine the sensitivity of RT-PCR 
reaction. 

Infectious bronchitis virus strains Mass 41 was obtained 
from SPAFAS Inc. (Norwich, CT) and strain CA was 
recovered from clinical samples. Strains Ark, Conn, and 
DE were obtained from Dr. J. Gelb, Jr. (University of 
Delaware, Newark, DE). The IBV was propagated in 11- 
day-old specific-pathogen-free (SPF) embryonated chicken 
eggs. The allantoic fluids were harvested after incubation 
at 37 °C for 3 days. The IBV in the allantoic fluid was 
concentrated by ultracentrifugation at 100,000 x g for 3h 
before extraction of RNA as previously described (Wang 
and Khan, 1999). Bovine coronavirus strain Nebraska was 
obtained from National Veterinary Services Laboratory 
(NVSL, Ames, IW) as bovine turbinate cell culture super¬ 
natants and used for RNA extraction directly. A field isolate 
of BCoV 4758 was originally recovered from a clinical case 
submitted to our Laboratory in human rectal tumor (HRT-18) 
cells. 

2.2. RNA isolation 

The RNA was extracted by RNApure reagent (GenHunter, 
Nashville, TN) according to the method of guanidinium thio¬ 
cyanate and acid-phenol (Chomczynski and Sacchi, 1987; 
Akin et al., 1999). Two hundred microliters of virus samples 
were mixed with 1 ml of RNApure reagent and incubated on 
ice for 10 min. After addition of 180 pJ of chloroform, the 
mixture was mixed vigorously for 10 s and centrifuged at 
13,000 x g for 10 min. The upper aqueous phase was mixed 
with equal volume of cold isopropanol and incubated on ice 
for 10 min. The RNA precipitate was pelleted by centrifuga¬ 
tion at 13,000 x g for 10 min and washed with 70% ethanol. 
The RNA was dissolved in 50 p,l of diethyl-pyrocarbonate 
(DEPC) treated sterile double-distilled water and a portion 
of it was quantified by spectrophotometry at 260 nm wave¬ 
length. 
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2.3. Primers 

Alignments of S and N gene sequences among TCoV, IBV, 
and BCoV were conducted to identify the variable and con¬ 
served regions (Lin etal.,2004). The upstream primer N103F 
and downstream primer N102R common to both TCoV and 
IBV were designed according to conserved regions of N 
gene sequences. The sequence of primer N103F was cct- 
gatggtaatttccgttggg and the sequence of primer N102R was 
acgcccatccttaataccttcctc. This set of primers specified a 357- 
bp sequence corresponding to nucleotide position 445-801 of 
TCoV-540 N gene (Akin et al., 2001). The upstream primer 
S306F and downstream primer S306R specific to TCoV were 
designed according to variable regions of S gene sequences 
among these viruses. The sequence of primer S306F was 
tgtatctaatttgggtgggtttga and the sequence of primer S306R 
was ataagctgctaattgaagggatgc. This set of primers speci¬ 
fied a 727-bp sequence corresponding to nucleotide posi¬ 
tion 2019-2745 of TCoV-540 S gene (Lin et al., 2004). 
The upstream primer S3 and downstream primer S6 spe¬ 
cific to BCoV were designed according to variable regions 
of S gene sequences among these viruses. The sequence of 
primer S3 was atgtgtgtaggtaatggtcctgg and the sequence of 
primer S6 was agcaactacgaatcataaaa. This set of primers 
specified a 568-bp sequence corresponding to nucleotide 
position 1488-2055 of BCoV-Quebec S gene (RekikandDea, 
1994). 

2.4. Reverse transcription 

Conversion of RNA to cDNA was essentially performed 
according to a protocol supplied by the manufacturer of the 
reverse transcriptase (Superscript II System, Life Technolo¬ 
gies, Gaithersburg, MD). Briefly, the RNA was combined 
with random hexamers (50 ng) in 11 (jlI of DEPC-treated 
water. The mixture was heat denatured at 70 °C for 3 min and 
immediately placed on ice for 5 min. Reverse transcription 
buffer (Life Technologies) containing 200 units of reverse 
transcriptase and 0.2 mM of each of the four deoxynucleotide 
triphosphates (Promega Corp., Madison, WI) was added. A 
total volume of 20 pi reverse transcription was carried out at 
42 °C for 60 min. 

2.5. PCR amplification 

Two microliters of cDNA were used in PCR amplifi¬ 
cations. PCR was performed in a 96-well thermal cycler 
(GeneAmp PCR System 9600, Perkin-Elmer Cetus Corp., 
Norwalk, CT). The reaction mixtures contained 0.2 pM of 
each of the primers N103F, N102R, S306F, S306R, S3, and 
S6 in 50 pi of PCR buffer comprised of 0.2 mM of each of 
the four deoxynucleotide triphosphates, 5 units of Taq DNA 
polymerase (Promega), 10 mM Tris-HCl (pH 9.0), 50 mM 
KC1, 1.5 mM MgCl 2 , 0.1% Triton X-100, and 0.01% gelatin. 
The cyclic parameters of the PCR were as follows: 94 °C for 
30 s for denaturation, 50 °C for 1 min for annealing, 72 °C 


for 1 min for extension for 25 cycles followed by 72 °C for 
10 min final extension. 

2.6. Detection of amplified PCR products 

Gel electrophoresis was used to detect amplified DNA 
products. A volume of 8 pi of the amplified PCR products 
was subjected to electrophoresis at 100 V in horizontal gels 
containing 1% agarose (Gibco BRL, Bethesda, MD) with 
Tris-borate buffer containing 45 mM Tris-borate and 1 mM 
EDTA. The gel was stained with ethidium bromide at a 
concentration of 0.5 pg/ml. Amplified DNA products were 
visualized by viewing the gel with an ultraviolet transillu¬ 
minator, compared with standard markers of DNA size, and 
photographed. 

2.7. Specificity and sensitivity of the multiplex PCR 

To determine the specificity of the method, several unre¬ 
lated viruses or bacteria were examined. The viruses used 
were infectious bursal disease virus, enterovirus, astrovirus, 
reovirus (Ceva Laboratories, Overland Park, KS), fowl pox 
virus (Ceva Laboratories), turkey pox virus (Ceva Labo¬ 
ratories), pigeon pox virus (Ceva Laboratories), Newcas¬ 
tle disease virus (Intervet, Millsboro, DE), and Marek’s 
disease virus (Vineland Laboratories, Vineland, NJ). Bac¬ 
teria used were Salmonella enterica, Escherichia coli, 
and Mycoplasma gallisepticum. To compare the sensitiv¬ 
ity of the multiplex PCR with different levels of start¬ 
ing templates, 10-fold serial dilutions of purified viral 
RNA were made from 4.8 to 4.8 x 10 -4 pg for TCoV, 
from 4.6 to 4.6 x 10~ 5 pg for IBV, and from 8 x 10 -1 
to 8 x 10 -5 pg for BCoV. The diluted template samples 
were subjected to RT-PCR reactions as described above 
and the amplified products were analyzed by agarose gel 
electrophoresis. 

2.8. Specificity of primers designed from S gene of IBV 

To determine the specificity of primers NewS loligoS' and 
Dcgenerate3' (Lee et al., 2000) designed from IBV S gene, 
the published primers and procedures were carried out for 
IBV, TCV, and BCV samples. 

3. Results 

3.1. Differential detection of TCoV, IBV, and BCoV 

As shown in Fig. 1, the multiplex PCR successfully ampli¬ 
fied two products corresponding to sizes of 727 and 357 bp 
for TCoV, a 357-bp product for IBV, and a 568-bp prod¬ 
uct for BCoV as expected. The same result with two PCR 
bands was obtained for all the 10 TCoV isolates examined 
including ATCC, 310,540,1020,1440,284,168,2216,2580, 
and 1038. The same result with one PCR band of size at 
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Fig. 1. Agarose gel electrophoresis of products amplified by reverse 
transcription-multiplex polymerase chain reaction. Lane 1 = molecular 
weight marker (100 bp ladder), lane 2 = bovine coronavirus, lane 
3 = infectious bronchitis coronavirus strain Mass 41, lane 4 = turkey coro¬ 
navirus Indiana isolate 540, and lane 5 = negative control without template. 
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357 bp was obtained for IBV strains Mass 41, CA, Ark, 
Conn, and DE. The same result with one PCR band of size at 
568 bp was obtained for both BCoV strains Nebraska and the 
field isolate 4758. Some of these results were represented in 
Fig. 2. 

3.2. Specificity and sensitivity of the multiplex PCR 

There were no PCR products for infectious bursal dis¬ 
ease virus, enterovirus, astrovirus, Newcastle disease virus, 
Marek’s disease virus, reovirus, fowl pox virus, pigeon pox 
virus, turkey pox virus, S. enterica , E. coli. and M. gallisep- 
ticum by the multiplex PCR method. Some of these results 
are represented in Fig. 2. The multiplex PCR was able to 
detect RNA template at levels as low as 4.8 x 10 -3 pig for 
TCoV, 4.6 x 10“ 4 pig for IBV, and 8.0 x 10“ 2 pig for BCoV 
(Fig. 3). The amounts of the amplified products associated 
with the amount of RNA templates in the dilution. 



Fig. 2. Specificity of reverse transcription-multiplex polymerase chain reac¬ 
tion. Lane 1 = molecular weight marker (100 bp ladder), lane 2 = turkey coro¬ 
navirus (TCoV) prototype isolate ATCC, lane 3 = TCoV 2580, lane 4 = TCoV 
1440, lane 5 = TCoV 284, lane 6 = TCoV 1038, lane 7 = infectious bronchitis 
coronavirus (IBV) strain CA, lane 8 = IBV Mass 41, lane 9 = infectious bursal 
disease virus, lane 10 = Newcastle disease virus, lane ll=Marek’s dis¬ 
ease virus, lane 12 = astrovirus, lane 13 = enterovirus, lane 14 = Salmonella 
enterica , lane 15 = Escherichia coli, and lane 16 = negative control without 
template. 


Fig. 3. Sensitivity of reverse transcription-multiplex polymerase chain 
reaction for (A) turkey coronavirus RNA at 4.8, 4.8 x 10 -1 , 4.8 x 10 -2 , 
4.8 x 10" 3 , or 4.8 x 10~ 4 |xg from lanes 2 to 6, respectively. Lane 
1 = molecular weight marker (100 bp ladder) and lane 7 = negative control 
without template. (B) bovine coronavirus RNA at 8.0 x 10 -1 , 8.0 x 10 -2 , 
8.0 x 10 -3 , 8.0 x 10 -4 , or 8.0 x 10 -5 |xg from lanes 9 to 13, respectively. 
Lane 8 = molecular weight marker (100 bp ladder) and lane 14 = negative 
control without template. (C) Infectious bronchitis coronavirus RNA at 
4.6,4.6 x 10 _1 ,4.6 x 10~ 2 ,4.6 x 10 _3 ,4.6 x 10 -4 , or 4.6 x 10~ 5 ixgfrom 
lanes 2 to 7, respectively. Lane 1 = molecular weight marker (100 bp ladder) 
and lane 8 = negative control without template. 


12 34 56789 10 



Fig. 4. Specificity of primers NewSloligo5' and Degenerates'. Lane 
1 = molecular weight marker (100 bp ladder), lane 2 = infectious bronchitis 
coronavirus (IBV) strain Mass 41, lane 3 = IBV Ark, lane 4 = IBV Conn, lane 
5 = turkey coronavirus (TCoV) prototype isolate ATCC, lane 6 = TCoV 540, 
lane 7 = TCoV 1440, lane 8 = bovine coronavirus (BCoV) strain Nebraska, 
lane 9 = BCoV isolate 4758, and lane 10 = negative control without template. 

3.3. Specificity of primers designed from S gene of IBV 

As shown in Fig. 4, the published primers, NewSloligo5' 
and Degenerate3', and PCR conditions successfully amplified 
the expected products about 1.7 kb in length for IBV strains 
Mass 41, Ark, and Conn. There were no PCR products for 
TCoV and BCoV virus samples. 


4. Discussion 

The PCR technique has been widely used for diagnosis 
of many different pathogens in clinical samples due to its 
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exquisite sensitivity. Theoretically, a single copy of a given 
template can be amplified exponentially to 10 12 times by PCR 
through repeating cycles of heat denaturation, annealing, and 
primer extension. Immunofluorescent antibody assay is cur¬ 
rently the most reliable method for detection of TCoV in 
turkey intestines. In addition to the low sensitivity nature, the 
IFA assay is labor-intensive and requires highly trained per¬ 
sonnel and sections of frozen intestinal samples. In contrast, 
the PCR assay as described in the present study is simple and 
easy to perform. This assay did not need further purification 
steps to process the intestinal samples from initial tissue han¬ 
dling through final PCR products. All procedures involved in 
the assay could be finished in 6 h. 

The published PCR assay with primers 2Bp and 4Bm 
(Stephensen et al., 1999) for amplification of a conserved 
region of RNA-dependent RNA polymerase gene among dif¬ 
ferent coronaviruses was initially examined for routine diag¬ 
nosis of TCoV in the intestinal samples. However, the results 
from this PCR reaction were not consistent in several trials. 
In addition, the cyclic parameters for this PCR reaction were 
complicated and lengthy in comparison with those described 
in the present study. Alternatively, primers N103F and N102R 
were designed from N gene sequences conserved between 
TCoV and IBV in order to detect both avian coronaviruses, 
which have been shown to be closely related antigenically 
and genomically (Guy et al., 1997; Stephensen et al., 1999; 
Breslin et al., 1999a,b; Loa et al., 2000; Akin et al., 2001). As 
shown in the present study, the primers N103F and N102R 
consistently amplified the expected portion of N gene of 10 
different TCoV isolates and 5 different IBV strains. 

For differentiation between TCoV and IBV, a pair of 
primers S306F and S306R was designed from S gene 
sequence of TCoV. In contrast to the high similarity (90%) of 
N protein gene between TCoV and IBV (Akin et al., 2001), 
the similarity of S protein gene between these two avian 
coronaviruses is low (50%) (Lin et al., 2004). These primers 
recognize sequences unique to the S gene of TCoV that are 
not present in the S gene of IBV. As expected, primers S306F 
and S306R directed the amplification of a 727-bp product for 
all the 10 isolates of TCoV from six different states in the 
multiplex PCR and resulted in two bands along with the 357- 
bp product for N gene. These results also indicated that the 
nucleotide sequences of S306F and S306R were conserved 
in the S protein genes of all the TCoV isolates examined. In 
contrast, the different IBV strains examined were negative 
with the primers S306F and S306R in the multiplex PCR and 
resulted in a single band corresponding to N gene. 

The genomic sequences of TCoV have low similarity 
(20%) with that of BCoV for the entire 3'-end structural 
protein encoding regions. It is difficult to locate conserved 
primer positions that can specify the synthesis of a fragment 
of genomic sequences for both TCoV and BCoV. Alterna¬ 
tively, a pair of primers S3 and S6 was designed from S 
gene sequence of BCoV. These primers recognize sequences 
unique to S gene of BCoV that are not present in S gene of 
TCoV or IBV. As expected, primers S3 and S6 directed the 


amplification of a 568-bp product for BCoV and resulted in a 
single band in the multiplex PCR. It was previously reported 
that the nucleotide sequence of S gene from position 1295 to 
2297 was highly conserved (91% similarity) among BCoV 
strains Mebus, F15, L9, and 4 Quebec isolates (Rekik and 
Dea, 1994). The inter-primer spacing of primers S3 and S6 
located at nucleotide position 1488-2055 of BCoV S gene, 
which is within the highly conserved region. Therefore, the 
primer pair of S3 and S6 is anticipated to be applicable for 
all the known BCoV strains. 

The multiplex PCR assay developed and evaluated in the 
present study was able to identify and differentiate TCoV, 
IBV, and BCoV. Recently, it was experimentally demon¬ 
strated that BCoV could cause enteric infection in turkeys 
(Ismail et al., 2001). However, the real situation of BCoV 
in turkey flocks in the field has not been evaluated. A sensi¬ 
tive assay, such as the multiplex PCR as demonstrated in the 
present study, for differentiation between TCoV and BCoV 
in turkey intestines will aid to in this effort. As shown in 
the present study, all the nine intestinal samples from turkey 
flocks of different states were positive for TCoV but not for 
BCoV by the multiplex PCR. The protoype TCoV-ATCC was 
also positive for TCoV but not for BCoV by the multiplex 
PCR. However, this result did not rule out the possibility 
that BCoV may be involved in naturally occurring turkey 
coronaviral enteritis due to the limited sample numbers. In 
addition, these samples were propagated in turkey embryo by 
inoculation via amniotic sac. The stability of BCoV in turkey 
embryos under this procedure is not clear and BCoV may be 
lost during the process. 

Although the positive result for IBV with the presence of 
a single band corresponding to N protein gene excludes the 
presence of TCoV due to the absence of another band corre¬ 
sponding to S protein gene of TCoV, the positive result for 
TCoV with the presence of two bands does not exclude the 
presence of IBV by the established multiplex PCR method. 
The concern about the presence of IBV in the samples pos¬ 
itive for TCoV should be further evaluated by PCR with 
primers designed from S protein gene of IBV. The similar¬ 
ities of S protein gene between IBV and TCoV or between 
IBV and BCoV were low. As expected, a pair of primers, 
NewS loligoS' and Degenerate3', as demonstrated for diagno¬ 
sis of IBV specifically detected IBV but not TCoV or BCoV. 

Acknowledgement 

The authors thank U.S. Department of Agriculture Special 
Grant Program for providing the financial support, and Dr. 
J. Gelb Jr., University of Delaware, for supplying the IBV 
strains. 

References 

Akin, A., Lin, T.L., Wu, C.C., Bryan, T.A., Hooper, T., Schrader, D., 2001. 

Nucleocapsid protein gene sequence analysis reveals close genomic 


C.C. Loa et al. / Journal of Virological Methods 131 (2006) 86-91 


91 


relationship between turkey coronavirus and avian infectious bronchi¬ 
tis virus. Acta Virol. 45 (1), 31-38. 

Akin, A., Wu, C.C., Lin, T.L., 1999. Amplification and cloning of com¬ 
plete infectious bursal disease virus genomic RNA segments by a long 
and accurate PCR. J. Virol. Methods 82, 55-61. 

Breslin, J.J., Smith, L.G., Fuller, F.J., Guy, J.S., 1999a. Sequence anal¬ 
ysis of the matrix / nucleocapsid gene region of turkey coronavirus. 
Intervirology 42, 22-29. 

Breslin, J.J., Smith, L.G., Fuller, F.J., Guy, J.S., 1999b. Sequence analysis 
of the turkey coronavirus nucleocapsid protein gene and 3' untrans¬ 
lated region identifies the virus as a close relative of infectious 
bronchitis virus. Virus Res. 65, 187-193. 

Chomczynski, P., Sacchi, N., 1987. Single-step method of RNA isolation 
by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal. 
Biochem. 162, 156-159. 

Dea, S., Tijssen, R, 1988. Viral agents associated with outbreaks of diar¬ 
rhea in turkey flocks in Quebec. Can. J. Vet. Res. 52, 53-57. 

Dea, S., Verbeek, A.J., Tijssen, P., 1990. Antigenic and genomic relation¬ 
ships among turkey and bovine enteric coronaviruses. J. Virol. 64, 
3112-3118. 

Gonder, E., Patel, B.L., Pomeroy, B.S., 1976. Scanning electron, light, 
and immunofluorescent microscopy of coronaviral enteritis of turkeys 
(bluecomb). Am. J. Vet. Res. 37, 1435-1439. 

Guy, J.S., Barnes, H.J., Smith, L.G., Breslin, J., 1997. Antigenic char¬ 
acterization of a turkey coronavirus identified in poult enteritis and 
mortality syndrome-affected turkeys. Avian Dis. 41, 583-590. 

Ismail, M.M., Cho, K.O., Ward, L.A., Saif, L.J., Saif, Y.M., 2001. Experi¬ 
mental bovine coronavirus in turkey poults and young chickens. Avian 
Dis. 45, 157-163. 

Lee, C.W., Hilt, D.A., Jackwood, M.W., 2000. Redesign of primers and 
application of the reverse transcriptase-polymerase chain reaction and 


restriction fragment length polymorphism test to the DE072 strain of 
infectious bronchitis virus. Avian Dis. 44, 650-654. 

Lin, T.L., Loa, C.C., Wu, C.C., 2004. Complete sequences of 3' end 
coding region for structural protein genes of turkey coronavirus. Virus 
Res. 106, 61-70. 

Loa, C.C., Lin, T.L., Wu, C.C., Bryan, T.A., Thacker, H.L., Hooper, T., 
Schrader, D., 2000. Detection of antibody to turkey coronavirus by 
antibody-capture enzyme-linked immunosorbent assay utilizing infec¬ 
tious bronchitis virus antigen. Avian Dis. 44, 498-506. 

Loa, C.C., Lin, T.L., Wu, C.C., Bryan, T.A., Thacker, H.L., Hooper, T., 
Schrader, D., 2001. Humoral and cellular immune responses in turkey 
poults infected with turkey coronavirus. Poult. Sci. 80, 1416-1424. 

Nagaraja, K.V., Pomeroy, B.S., 1997. Coronaviral enteritis of turkeys 
(bluecomb disease). In: Calnek, B.W., Barnes, H.J., Beard, C.W., 
McDougald, L.R., Saif, Y.M. (Eds.), Disease of Poultry, 10th ed. 
Iowa State University Press, Ames, Iowa, pp. 686-692. 

Rekik, M.R., Dea, S., 1994. Comparative sequence analysis of a poly¬ 
morphic region of the spike glycoprotein SI subunit of enteric bovine 
coronavirus isolates. Arch. Virol. 135, 319-331. 

Saif, L.J., 1993. Coronavirus immunogens. Vet. Microbiol. 37, 285-297. 

Stephensen, C.B., Casebolt, D.B., Gangopadhyay, N.N., 1999. Phyloge¬ 
netic analysis of a highly conserved region of the polymerase gene 
from 11 coronaviruses and development of a consensus polymerase 
chain reaction assay. Virus Res. 60, 181-189. 

Verbeek, A., Tijssen, R, 1991. Sequence analysis of the turkey enteric 
coronavirus nucleocapsid and membrane protein genes: a close 
genomic relationship with bovine coronavirus. J. Gen. Virol. 72, 
1659-1666. 

Wang, X., Khan, M.I., 1999. A multiplex PCR for Massachusetts and 
Arkansas serotypes of infectious bronchitis virus. Mol. Cell. Probes 
13, 1-7. 



